P rompt treatment of stroke, whether as thrombolytic therapy for ischemic stroke 1 or blood pressure control for hemorrhagic stroke, 2 is critical to improving patient outcomes. In China, variation in the healthcare system to that of Western countries, for example, the availability of neurological units inside the emergency department (ED) in most hospitals, theoretically should shorten door-to-needle times. Despite this, rates of thrombolytic use for ischemic stroke are estimated at only 1% to 3%, a figure that is much lower than that of developed countries. 3 The main reason cited for these low rates is that of prehospital delays in presentation.
Many factors have been shown to influence the time to hospital presentation of patients with stroke. These factors include personal demographics such as age, race, gender, history of stroke or cardiovascular disease, dependence on others in activities of daily living, socioeconomic status, mode of transportation to the hospital, and clinical status. 4 -11 Nonetheless, the majority of these studies have been undertaken in Western populations. Factors associated with prolonged prehospital delays may differ between Chinese and Western populations due to variations in ethnicity, culture, socioeconomic features, and healthcare system. 12 Because of its differences from the West in social development patterns, China may also be unique in the management of stroke and in factors associated with prehospital delay. In this study, we therefore sought to evaluate the factors influencing the early and delayed presentation to hospital of patients with acute stroke in urban China.
Methods
Data were from the ChinaQUEST (Quality Evaluation of Stroke Care and Treatment) study, which used a prospective, multicenter, hospital-based registry design and included approximately 6500 cases of acute stroke from 62 hospitals in 37 cities across China. The criteria for the participating hospitals were (1) availability of a neurology department; (2) patients with stroke admitted to the neurology department; and (3) intravenous thrombolytic therapy could be performed 24 hours, 7 days a week. Hospitals were classified according to government health administration depending on location, bed numbers, staff expertise, and facilities. A Level I hospital was a community-based hospital operating in a street or village with only the most basic facilities and very limited inpatient capacity. A Level II hospital was a regional hospital operating in an authority administration area with at least 100 inpatient beds providing acute medical care and preventive care services to populations of at least 100 000 people. A Level III hospital was a large hospital serving as a major tertiary referral center in the provincial capitals and major cities with Ͼ1000 beds, all located in the center of the city. The study methods and objectives of the ChinaQUEST study have been described previously in detail. 13, 14 Briefly, the study included consecutive patients (age Ն15 years) admitted to participating hospitals with acute stroke during a 5-month period in 2006 who agreed to 4 interview-based assessments at baseline (performed as soon as possible after notification), at discharge from the hospital, and at 3 and 12 months of follow-up. All incident and recurrent strokes due to cerebral infarction, cerebral hemorrhage, or of unknown pathology and those occurred within 30 days before hospital presentation were included, but those due to subarachnoid hemorrhage were excluded. Neurologists in participating hospitals were present 24 hours a day, 7 days a week in the ED. At each hospital, a trained neurologist was responsible for recruitment of consecutive patients who presented to EDs, outpatient clinics, and hospital wards with a possible diagnosis of acute stroke. Specially designed Chinese language case record forms were completed after the diagnosis of acute stroke was confirmed. Written informed consent was obtained from all patients (or an appropriate family member where the patient was unable). The study was approved by the ethics committees of Peking University First Hospital (Beijing), Ruijin Hospital (Shanghai), Prince of Wales Hospital (Hong Kong), and the University of Sydney. Good Clinical Practice guidelines in accordance with the Declaration of Helsinki were followed, and the privacy of patients was strictly protected.
Explanatory and Outcome Variables
Symptom onset was defined as the time when stroke-related symptoms first occurred. The symptom onset time for patients who experienced symptoms during sleep was defined as the time when the patient went to bed. The time of admission was defined as the time when the patients presented to the ED or the stroke management department of the participating hospital. Prehospital delay or time to presentation was defined as the time from symptom onset to the earliest documented time in the ED or the general department of the participating hospital. Stroke was defined as an acute focal neurological deficit due to a vascular event lasting Ͼ24 hours with imaging confirming either ischemic or hemorrhagic stroke.
Variables evaluated in this study covered 6 domains: sociodemographic, socioeconomic, symptom-onset situations, transportation and hospital factors, medical history and stroke-related factors, and clinical status. Ethnic minorities such as Inner Mongolians, Hui, Tibetans, Zhuang, Koreans, and Uygurs were attributed to the non-Han group due to small numbers of patients in each group. Low education was defined as illiterate or having only finished primary education. The occupations of management, service, professional, commercial, and administration were assigned to the nonmanual group, whereas the manual group includes those engaged in construction, farming/forestry/fishing and related, installation and related, manufacture and production, and transportation and driver occupations. Based on the 2006 national average per capita gross domestic product of 16 084 Chinese Yuan RMB (approximately US $2298 based on an exchange rate of US $1 to 7 Chinese Yuan RMB, which is used throughout), patients with an annual household income Ͻ10 000 Chinese Yuan RMB (approximately US $1429) were defined as poor. Night was defined as any time between 6:00 PM and 6:00 AM. Transportation variables included travel to the hospital by ambulance or by other methods such as a car driven by a family member or friends, a taxi, or a bicycle/tricycle vehicle. Diabetes includes all patients with a confirmed diagnosis of Type 1 or 2 diabetes mellitus on admission. Coronary artery disease included both myocardial infarction and angina. Regular drinking was defined as drinking alcohol regularly within the 3 months before stroke onset. Clinical status covered stroke subtype (ischemic stroke or hemorrhagic stroke), stroke severity (as measured by consciousness/ unconsciousness at presentation, unconsciousness was defined by a Glasgow Coma Scale score Յ8), and Oxfordshire Community Stroke Project classification of stroke (lacunar infarction versus other types of infarction).
We also divided the centers into 4 groups according to their geographical location. The eastern area included Beijing, Tianjin, Hebei province, Shandong province, Jiangsu province, Shanghai province, Fujian province, Guangdong province, and Hong Kong. 
Statistical Analysis
All analyses were performed using SPSS and STATA software. The significance of associations between time to hospital presentation and explanatory variables was assessed using the Mann-Whitney U or Kruskal-Wallis test for the continuous variables. For categorical variables, time to presentation was dichotomized into 2 groups: the early arrival group (within 3 or 6 hours of symptom onset) and the delayed arrival group (Ն3 or 6 hours after symptom onset), and a 2 test was used to evaluate the significance of associations. Next, multivariate logistic regression analysis was performed to identify predictors of prehospital delay. Explanatory variables were selected using a liberal criteria (PϽ0.20) for inclusion in the multivariate regression model. To account for the effect of clustering at the hospital level, hospital was introduced as a random effect in the final multivariate model. A sensitivity analysis was performed with the variables without the missing data in a multivariate model. For all statistical analysis, significance was accepted as PϽ0.05.
Results
Of 13 038 patients initially screened for eligibility, 6530 (50%) were excluded because of various reasons, including a final diagnosis that was not stroke or the stroke was not of recent onset (30.9%), refusal of the patient to participate (16.1%), death of the patient before enrollment (1.5%), and other reasons (1.5%). A total of 6508 patients were enrolled, but 406 patients were excluded because of lack of information on prehospital delay time. A total of 6102 patients were therefore included in our analysis: 4513 patients (74%) with ischemic stroke, 1531 patients (25%) with hemorrhagic stroke, and 58 patients (1%) with an unknown stroke type.
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For the ChinaQUEST study, 50 patients were registered in Hong Kong in total. The median time of prehospital delay for Hong Kong patients was 13.1 hour (interquartile range, 4.1-41.9 hours). Eleven patients (22%) presented to the hospital within 3 hours after symptom onset and 15 patients (30%) within 6 hours. There was no statistical difference between the percentage of patients arriving at the hospital within 3 hours of the symptom onset (Pϭ0.38) or within 6 hours of the symptom onset (Pϭ0.25) between mainland and Hong Kong patients. It was noted, however, that of the Hong Kong patients, 29 patients (58%) sought help in the community clinics first after they had a stroke and 15 patients (30%) chose to use an ambulance, figures that were higher than that for mainland patients (PϽ0.001).
The frequency distribution of prehospital delay times for patients with acute stroke is shown in the Figure. Many patients (25.3%) arrived within 3 hours of onset; however, a significant portion (19.4%) also presented to the hospital in excess of 72 hours. Seven hundred fifty-five patients (26.2%) in the eastern area, 288 (22.6%) patients in the central area, 417 patients (26.1%) in the western area, and 86 (24.6%) patients in the northeastern area presented to the hospital within 3 hours of their strokes. There was no statistical difference among the 4 different geographic areas (Pϭ0.09). Although there was a statistical difference by region between patents who presented within and after 6 hours, with 1082 patients (37.5%) in the eastern area, 414 patients (32.5%) in the central area, 617 patients (38.6%) in the western area, and 131 (37.5%) patients in the northeastern area presenting to hospital within 6 hours, the difference is likely of minor clinical significance.
A comparison of prehospital delay times stratified by patient characteristics is presented in Table 1 . The mean age of the 6102 patients was 64 years, and patients Ͻ65 years of age experienced longer delays than patients Ͼ65 years. In terms of onset situation, most patients experienced their first stroke symptoms at home, but the time to presentation was longer for these patients than those whose symptoms occurred at other places, and patients with stroke symptoms during the day experienced greater delays than those whose symptoms occurred at night. Only 1411 (23%) patients sought an ambulance and these patients arrived at the hospital more promptly than patients who used other transportation means. Additionally, patients who visited local community doctors before arriving at the ED experienced significantly longer delays compared with those who went directly to the ED of the participating hospital. No significant differences were noted for a variety of other factors, including gender, ethnicity, marital status, education, occupation, annual household income, medical insurance, and hospital level. Patients with hemorrhagic stroke, unconsciousness at presentation (Glasgow Coma Scale score Յ8), a history of atrial fibrillation and nonlacunar stroke, and no history of stroke experienced reduced delays compared with their respective counterparts.
A comparison of characteristics between the early arrival group and the delayed arrival group is presented in Table 2 . The majority of the statistically significant factors were the same for the 3-hour and 6-hour cutoff points. For both cutoff points, prehospital delay was found to be reduced in subjects who were female, had their stroke at night, arrived at the hospital by ambulance, had not seen a doctor before the emergency, had a history of atrial fibrillation or coronary disease, had a hemorrhagic stroke, or were unconscious. In contrast, patients who had their stroke at home, had a history of diabetes, were regular drinkers, or had a lacunar stroke were more likely to experience delays in presentation for both the 3-hour and 6-hour cutoff points. Some factors were associated with prehospital delay for the 6-hour cutoff but were not associated with delay for the 3-hour cutoff. These included: age Ͻ65 years old, having a low annual household income, having been transferred to a Level III hospital (versus Level II hospital) for care, and having a history of depression.
Results from the final multilevel logistic regression model of potential risk factors for early arrival (Ͻ3 hours) is shown in Table 3 . Transport by ambulance, history of atrial fibrillation, hemorrhagic stroke, and unconsciousness at presentation were all independent predictors of a reduced prehospital delay, whereas onset of symptoms at home, a local or community doctor visit before arrival at the hospital, a history of diabetes, and regular drinking were associated with prolonged prehospital delay.
For the 6-hour cutoff point, results from the final multilevel logistic regression model are shown in Table 4 . Transport by ambulance, history of atrial fibrillation, coronary artery disease, hemorrhagic stroke, and unconsciousness at presentation were all independently associated with reduced prehospital delay, whereas onset of symptoms at home, a local doctor visit before arrival at the hospital, transferred for management at a Level III hospital, and a history of diabetes were increasing prehospital delaying factors.
Discussion
This study examined factors contributing to delayed presentation of patients with stroke to a hospital in urban China. The median prehospital delay time of 15 hours is much longer than that reported by other Western, developed countries, which range from 3 to 6 hours. 15 Only one fourth of patients arrived at the hospital within 3 hours. The detrimental impact on management and patient outcome associated with such †Defined as car driven by family/friends or by bicycle/tricycle or other vehicles by family/friends. ‡Level III, defined as major tertiary hospitals in the provincial capitals and major cities with Ͼ1000 beds; Level II, defined as regional hospitals with at least 100 inpatient beds.
§Confirmed diagnosis of Type 1 or 2 diabetes mellitus on admission.
Coronary artery disease includes prior myocardial infarction, or angina. ¶Within the 3 mo before stroke onset. **Conscious: Glasgow Coma Scale score of 9 to 15 on admission; unconscious: Glasgow Coma Scale score of Յ8 on admission. *Manual includes those engaged in construction, farming/forestry/fishing and related, installation and related, manufacture and production, transportation, and driver occupations. †Defined as car driven by family/friends or by bicycle/tricycle or other vehicles by family/friends. ‡Defined as major tertiary hospitals in the provincial capitals and major cities with Ͼ1000 beds. §Confirmed diagnosis of Type 1 or 2 diabetes mellitus on admission.
Coronary artery disease includes prior myocardial infarction or angina. ¶Within the 3 mo before stroke onset. **Conscious: Glasgow Coma Scale score of 9 to 15 on admission; unconscious: Glasgow Coma Scale score of Յ8 on admission.
delays makes reduction of prehospital delay a primary focus for healthcare professionals. Because most of the independent factors associated with prehospital delay were analogous for both the 3-hour and 6-hour cutoff points, we focused our discussion on the 6-hour cutoff point, the reason being patients could still be treated with intravenous or intra-arterial thrombolysis within 6 hours of symptom onset if they did not have any contraindications for thrombolytic therapy according to the Chinese guideline for the management and treatment of acute ischemic stroke.
Sociodemographic Factors
Univariate analyses showed that female patients and patients Ͼ65 years had shorter prehospital delays; however, gender was no longer a significant after adjustment for other potential confounders. Lacy et al reported that patients Ն65 years of age were more likely to arrive early than younger patients 6 ; however, Chang et al found that advanced age was signifi- cantly associated with increased delay time. 16 In most other reports, gender and age were not associated with prehospital delay. 17, 18 In this study, after we accounted for other confounders, age Ն65 years was only associated with a trend in earlier presentation to the hospital, which may be due to greater awareness of stroke symptoms in the elderly as a result of targeted health promotion campaigns. Similar to other reports, 6, 17 ethnicity and marital status were unrelated to prehospital delay in our study.
Socioeconomic Factors
Our study showed that being in a poor household when symptoms first occur was associated with shorter delays in univariate analysis but not in multivariate analysis, a finding that is inconsistent to other findings in literature. 19, 20 Educational level, occupation, and insurance status were also unrelated to prehospital delay in our data, a finding that was also incongruous with other studies. 21, 22 These inconsistencies may be attributable to the greater proportion of urban subjects in the study with similar levels of socioeconomic status.
Symptom Onset Situations
Consistent with Rosamond et al's findings, 23 Ͼ80% of patients had their strokes at home in our study, and these patients experienced longer delays than patients whose strokes occurred at the workplace, where their symptoms may have been more easily witnessed by colleagues and prompt assistance may have been more quickly obtained. However, patients whose stroke occurred at night did not experience any more delay than those patients whose stroke occurred during the day, a finding that is in disagreement with other findings. 5, 24 This inconsistency may be attributed to a greater percentage of patients requesting ambulance services for night onset compared with daytime onset (28% versus 21%, PϽ0.001).
Transportation Means and Hospital Factors
Many studies have demonstrated that the use of ambulances can shorten prehospital delays. 17, 25 Only 23% of patients in the study sought an ambulance post-onset despite ambulance coverage in all study areas. This rate was much lower than that in other developed countries, where ambulance use rates have been reported to be as high as 60%. 9 In addition, it was noted that a substantial proportion of patients contacted their local or community doctor first rather than go directly to ED. This potentially reflects the lack of ability of patients to identify their symptoms, thereby requiring local physician diagnosis. Interestingly, delays in presentation to hospital was longer for transfers to larger Level III hospitals, which can be attributed to greater geographic distribution of the smaller Level II hospitals.
Medical History
In this study, patients with prior strokes or transient ischemic attacks or comorbidities such as hypertension and hyperlipidemia did not seek medical help any faster than other patients. Patients' misperception or neglect of the seriousness of their condition may make it difficult for them to differen-tiate between pre-existing symptoms and new symptoms. Our findings therefore highlight the urgent need to educate this high-risk patient group. Fortunately, patients with a history of atrial fibrillation or coronary artery disease had shorter prehospital delay times; however, this may be a reflection of greater awareness of heart disease than of stroke.
Clinical Characteristics
Longer prehospital delays may be associated with the severity of stroke, because severe stroke may render patients unable to apply for help. 18, 26 In our study, however, patients who were unconscious at presentation arrived more quickly than patients who were conscious, and patients with hemorrhagic strokes experienced reduced delays than those who had ischemic strokes. As a point of comparison, 350 patients (23%) had hemorrhagic strokes and were unconscious, whereas only 213 patients (5%) with ischemic strokes were unconscious (PϽ0.001). Similarly, in patients (eg, with lacunar stroke) who experience relatively mild symptoms, prehospital delay times were longer compared with other subtypes of stroke. These findings imply that the perceived urgency due to the severity of the condition may be a factor contributing to decreased prehospital delay. Similar findings have been reported in studies using different measures of stroke severity. 27, 28 
Limitations
Our study has several limitations that require comment. First, it was a hospital-based study that focused on urban patients only and could not, therefore, reveal the true situation of responses to acute strokes in rural areas or remote regions of China. Patients who did not seek treatment or who died before arriving at the hospital were not included in the study. Nevertheless, patients who do not present to the hospital deprive themselves from treatment entirely; this is a different research question than that posed here. Moreover, given the extensive geographic coverage of the study, we believe that this study provides a useful, representative picture of the current issues surrounding prehospital delay in presentation of acute stroke for urban China. Furthermore, our study did not focus on the perception of symptoms by patients nor on factors that may influence the seeking of help, notably disabilities induced by other comorbidities or prior stroke, which may also impact on time to hospital presentation. Finally, there were missing data for a large number of subjects for the variables of transportation means and doctor visits before ED presentation, and this lack of data may have also adversely influenced the multivariate regression analyses. Nonetheless, sensitivity analyses revealed no significant differences confirming the robustness of the study results.
Conclusions
The present study examined a multitude of factors that may contribute to delays in time to hospital presentation in a large and geographically diverse group of patients with stroke in China. Many challenges to patients, physicians, and the healthcare system exist; however, some of these challenges may be overcome. Notably, health promotion strategies to improve community awareness of early symptoms of stroke, establishment of an alert system to cater to patients likely to experience stroke at home, transfer of patients directly to hospitals with thrombolysis facilities rather than Level III hospitals per se, and wider availability and use of ambulance services are all promising methods to help expedite presentation to hospital poststroke and thereby improve the management of stroke in China.
